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At high quark densities and small temperatures quarks are expected to form Cooper pairs, because of the attractive 
interaction in the color antisymmetric channel. This gives rise to Color Superconductivity, see and for reviews 

[1, At asymptotically high densities with three flavors the Color Flavor Locking (CFL) phase [5l|7 characterized by 
a spinless color- and flavor-antisymmetric diquark condensate, is the energetically favored phase. When the density 
decreases to values probably achieved in the core of compact stars {fj. ~ 400 — 500 MeV) one cannot neglect the 
strange quark mass and the differences in the quark chemical potentials Sfi. Various phases have been proposed for 
this region of the QCD phase diagram. Among these, the gapless gCFL phase Q was considered for some time as the 
most suitable candidate. It was however realized that imaginary gluon Meissner masses, see Q, produce instabilities 
in this phase, and in general in the gapless phases, see ISj]. 

The Larkin-Ovchinnikov-Fulde-Ferrell (LOFF) [9| phase is an inhomogeneous superconductive phase in which quark 
pairs have non-zero total momentum; it turns out to be favored, for appropriate values of J/i, over the homogeneous 
superconducting phase and the normal non-superconducting one. The possibility of a LOFF phase in QCD with two 
flavors has been extensively discussed in the last half-decade, see [lOj and for a review [ll| . 

The three flavor LOFF phase has been first considered in using a Ginzburg-Landau (GL) expansion of the free 
energy, and subsequently it was found that such a phase is chromomagnetically stable [13]. The validity of the G-L 
approximation for this phase has recently been tested , and a study of the corrections due to the finite chemical 
potentials has been completed in [T5| . Recently a work has been performed [T6| in which the authors consider the 
possibility of structures formed by more than one plane wave. 

Formalism and results 

We start with the Lagrangean density for three flavor ungapped quarks 

C ^ [zptf- M'^ + ^tf 7o) . (1) 

M"j^ = S"^ diag(0, 0, Ms) is the mass matrix and Df-^ = d6"^6ij + igAaT^^Sij; /i^^ is a diagonal color-flavor matrix 
depending in general on jj, (the average quark chemical potential), fie (the electron chemical potential), and /ia, /ig, 
related to color We do not require color neutrality and we work in the approximation fis = Hs = 0, which is 
justified by the results of Ref.[lB], so we write = {fiSij — fJ.eQij)S"'^ = fii Sij6"^. 
Treating the strange quark mass at the leading order in the l/fi expansion we have 

2 1 1 ^s 

Moreover we make use of the High Density Effective Theory (HDET), see [13] and, for a review, [3]- 
The fundamental pairing ansatz for the condensate is 

3 

< ^„ C75 ^/3j >- ^^('') ^^^I (3) 
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with 



A/(r) = A J cxp (2iqi • r) 



(4) 



where 2qi is the pair momentum. The momenta qi, q2, qa and the gap parameters Ai(r), A2(r), A3(r) correspond 
respectively to d ~ s, m — s and u — d pairing. 

As usual, the norms |qi| are derived minimizing the free energy, while the directions have to be determined by a 
chrystallographic analysis. In only structures with the qi on the same axis have been studied, while in more 
complicate structures are analyzed. 

The GL approximation is implemented by an expansion of the anomalous propagator 



S21 = S'o^A*5o" + A* Sl'^ ASl^ A* Sl'^ + 0(A5) 
involved in the gap equation, as obtained by the Schwinger-Dyson equation in the HDET formalism: 



)CD Qfj.i' 5ab 



(5) 



(6) 



C,D=1 

In this way the free energy GL expansion assumes the form 
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with 



The coefficients a/, (3i and (3ij can be found in Electric neutrality is obtained by imposing the condition 







(7) 



(8) 



(9) 



In the energetically favored solution has Ai = 0, A2 = A3 and q2, qa parallel. Figure [T] shows the competition 
among different color superconducting phases, comprising the three flavor LOFF phase considered in 
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FIG. 1: Free energy differences ^loff ~ ^norm 

in units of 10^ MeV'' plotted versus / fi (in MeV) for various QCD phases. 
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In Ref.[l6[ another plot is presented, showing the free energies of more complicate crystal structures. In particular, 
there are two structures with free energy smaller than the simple ansatz of [12|. but the gaps involved in this phases 
are rather large, so the GL approximation must be properly tested. 

In conclusion, we have shown that the three flavor LOFF phase, due to its chromomagnctic stability, is a serious 
candidate for the true vacuum at moderate densities, and therefore it could be present in the core of compact stars 
(see [3| for a preliminary study). 
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